PURPOSE. The purpose of this study was to determine whether visual signals from the fovea contribute to the changes in the pattern of peripheral refractions associated with form deprivation myopia in monkeys. METHODS. Monocular form-deprivation was produced in 18 rhesus monkeys by securing diffusers in front of their treated eyes between 22 Ϯ 2 and 155 Ϯ 17 days of age. In eight of these form-deprived monkeys, the fovea and most of the perifovea of the treated eye were ablated by laser photocoagulation at the start of the diffuser-rearing period. Each eye's refractive status was measured by retinoscopy along the pupillary axis and at 15°intervals along the horizontal meridian to eccentricities of 45°. Control data were obtained from 12 normal monkeys and five monkeys that had monocular foveal ablations and were subsequently reared with unrestricted vision. RESULTS. Foveal ablation, by itself, did not produce systematic alterations in either the central or peripheral refractive errors of the treated eyes. In addition, foveal ablation did not alter the patterns of peripheral refractions in monkeys with form-deprivation myopia. The patterns of peripheral refractive errors in the two groups of form-deprived monkeys, either with or without foveal ablation, were qualitatively similar (treated eyes: F ϭ 0.31, P ϭ 0.74; anisometropia: F ϭ 0.61, P ϭ 0.59), but significantly different from those found in the normal monkeys (F ϭ 8.46 and 9.38 respectively, P Ͻ 0.05). CONCLUSIONS. Central retinal signals do not contribute in an essential way to the alterations in eye shape that occur during the development of vision-induced axial myopia. (Invest Ophthalmol Vis Sci. 2011;52:6428 -6434) 
T he eye's spherical equivalent refractive error can vary substantially with eccentricity. [1] [2] [3] [4] [5] [6] [7] [8] [9] The exact pattern of peripheral refractions is important because peripheral refractive errors may contribute to the development of common central refractive errors and may potentially serve as predictive indicators for those individuals who are at risk for developing myopia. 1,10 -13 Moreover, in laboratory animals, peripheral visual signals, in isolation, can mediate many aspects of vision-dependent refractive development and when there are conflicting visual signals in the central and peripheral retina, the peripheral retinal signals can dominate axial growth and central refractive development. 14 -16 Because of the potential significance of peripheral refractive errors, it is important to understand the factors that influence the pattern of peripheral refractions and the shape of the posterior globe, the primary determinant of the pattern of peripheral refractions.
Visual experience can influence the pattern of peripheral refractions. In particular, because ocular growth and refractive development are mediated in large part by local-acting, visiondependent mechanisms, experimentally imposed hemi-field form deprivation or optical defocus can produce localized alterations in the shape of the posterior globe and the pattern of peripheral refractions. [17] [18] [19] [20] [21] However, visual manipulations that affect the entire field of view can also alter the pattern of peripheral refractions. For example, full-field form deprivation and full-field hyperopic defocus produce central axial myopia and relative peripheral hyperopia, at least along the horizontal meridian. 21, 22 The relative peripheral hyperopia is due to the fact that as the central axial length increases, the eye becomes less oblate in shape, i.e., the increases in vitreous chamber depth are smaller in the periphery than in the central retina. In this respect, the patterns of peripheral refractive errors in monkeys with experimentally-induced myopia are very similar to those in humans with common forms of myopia. 5, [22] [23] [24] [25] Why full-field manipulations alter the shape of the eye and the pattern of peripheral refractions is not well understood. It has been argued that the changes in eye shape could be determined by mechanical factors. Extraocular mechanical factors, 24,26 -29 genetically determined regional variations in the mechanical properties of the sclera, 30 -32 and mechanical factors associated with the normal oblate geometry of the eye (Genest R, et al. IOVS 2010;51:ARVO E-Abstract 1193) have been hypothesized to influence eye shape during ocular growth. It is also possible that there are eccentricity-dependent variations in the number, density, and/or effectiveness of the local, vision-dependent regulatory mechanisms. 4, 10, 23, 24 These eccentricity-dependent variations could reflect changes in the density or number of critical retinal neurons or a range of potential components in the local ocular cascade that transforms visual signals into biochemical signals that alter the size of the eye. 33, 34 In addition, eccentricity-dependent variations in the strength or effectiveness of visual signals could also influence ocular growth and lead to alterations in ocular shape. For example, because the resolution of retinal neurons generally decreases with eccentricity in primate eyes, the impact of a given amount of optical defocus or a specific degree of form deprivation effectively decreases with eccentricity. In essence, the strength of full-field hyperopic defocus or form deprivation as stimuli for ocular elongation is greatest in the central retina and decreases with eccentricity.
To gain insights into the factors that influence the changes in eye shape during development of central axial myopia, we sought to determine whether visual signals from the central retina contribute to the characteristic changes in ocular shape associated with central myopia. Specifically we examined the effects of foveal ablation on the pattern of peripheral refractions in normal and form-deprived monkeys.
MATERIALS AND METHODS

Subjects
The subjects were 35 infant rhesus monkeys (Macaca mulatta) that were obtained at 2 to 3 weeks of age and housed in our primate nursery that was maintained on a 12-hour light/12-hour dark lighting cycle (see Reference 35 for husbandry details). All rearing and experimental procedures were reviewed and approved by the University of Houston's Institutional Animal Care and Use Committee and were in compliance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.
Data are presented for four subject groups. Two groups were reared with monocular form deprivation. For one of the form-deprived groups, which included eight monkeys, the visual signals from the central retina of the deprived eye were eliminated via laser photoablation at the start of the diffuser-rearing period (FAϩFD monkeys). The retinas of the 10 monkeys in the other form deprivation group remained intact throughout the treatment period (FD monkeys). The FD monkeys provided comparison data for the effects of form deprivation on the pattern of peripheral refractions. For both form-deprived subject groups, the fellow eyes served as untreated controls. Control data for the laser photoablation procedures were obtained from a group of five monkeys that underwent monocular central retinal photoablation at 22 Ϯ 4 days of age and subsequently reared with unrestricted vision (FA monkeys). The fellow eyes of the FA monkeys were untreated. Control data for normal peripheral refractions were obtained from 12 infant monkeys that were reared with unrestricted vision and without any treatment for either eye (normal monkeys).
Monocular form-deprivation was produced by securing a diffuser spectacle lens in front of the treated eyes ("LP" Bangerter Occlusion Foils attached to zero-powered lenses; Fresnel Prism and Lens Co., Prairie, MN) and a clear zero-powered lens in front of the fellow eyes (see References 15 and 16 for details). The diffuser-rearing procedures were initiated at 22 Ϯ 2 days of age and the monkeys wore the diffusers continuously until 155 Ϯ 17 days of age. For the FAϩFD and FA monkeys, the foveas and most of the perifoveas (the central 10 -12°) of their treated eyes were photocoagulated using either an argon or a frequency-doubled YAG (Yttrium Aluminium Garnet) laser (see Reference 15 for the details of the laser procedure). With both lasers, the foveal burns were overlapped to ensure complete photoablation of the fovea.
The data for the central refractive errors for the FA, FAϩFD, and FD monkeys have also been previously reported. 15, 22, 36 The central and peripheral refractive errors for six of the normal monkeys have also been previously reported. 22 The rearing and measurement regimens for the six new normal monkeys were identical with those for the six normal monkeys that were studied previously, and thus the data for all 12 normal monkeys were combined as a single group.
Ocular Biometry
Ocular biometric measurements were performed at ages corresponding to the start of the diffuser-rearing period and periodically throughout the treatment period. Our basic methods have been described in detail elsewhere. 20, 36, 37 In brief, to make the ocular measurements, the monkeys were anesthetized with an intramuscular injection of ketamine hydrochloride (15-20 mg/kg) and acepromazine maleate (0.15-0.2 mg/kg) and cycloplegia was produced with topically-administered 1% tropicamide. The refractive status of each eye was determined independently by two experienced investigators by streak retinoscopy and then averaged 38 and specified as spherical-equivalent, spectacleplane refractive corrections. Refractive errors were measured along the pupillary axis (the "central" refraction) and at 15°intervals along the horizontal meridian out to eccentricities of 45°. 36 Throughout the report, eccentricities are specified with respect to the visual field.
Ocular axial dimensions were measured by A-scan ultrasonography implemented with either a 7 (Image 2000; Mentor, Norwell, MA) or 12 MHz transducer (OTI Scan 1000; OTI Ophthalmic Technologies, Inc, Ontario, Canada). Corneal curvature was measured with a hand-held keratometer (Alcon Auto-keratometer; Alcon Systems Inc., St. Louis, MO) and/or a videotopographer (EyeSys 2000; EyeSys Technologies Inc., Houston, TX). Both instruments provided repeatable and comparable measures of central corneal curvature in infant monkeys. 37 The videotopographer also provided measures of the shape of the peripheral cornea.
Statistics
Repeated measures ANOVAs (SuperANOVA; Abacus Concepts, Inc., Berkeley, CA) and multiple comparisons were used to detect if there were differences in refractive errors as a function of eccentricity between eyes and between subject groups (i.e., differences in the patterns of peripheral refraction). Probability values were adjusted with the Geisser-Greenhouse correction to compensate for the violations of the assumption of sphericity. 39 When no significant eccentricity-dependent differences were found, power analyses were performed (G* power 3.1.2; Franz Faul, University of Kiel, Germany) 40 to calculate the minimum effect sizes that the repeated measures ANOVAs were likely to detect. Specifically, for comparisons between the normal and FA monkeys, interocular and between group eccentricity-dependent differences of 0.75 diopters (D) could be detected with powers greater than 0.9. Primarily because of greater intersubject variability, similar comparisons between the FAϩFD and FD monkeys could detect eccentricity-dependent differences of 2.0 D with powers greater than 0.8. The comparisons between normal monkeys and the fellow eyes of FAϩFD or FD monkeys manifested powers greater than 0.9 for detecting eccentricity-dependent differences of 1.0 D (FAϩFD monkeys) and 1.50 D (FD monkeys), respectively. Orthogonal regression analysis was performed to compare the relationship between the central ametropias and the relative peripheral refractive errors between subject groups. Paired t-tests and two-sample t-tests were used to compare individual central refractive errors and ocular dimensions between eyes (e.g., treated versus fellow) and between groups, respectively. When data are reported as means, the variability of the data are expressed as standard deviations.
RESULTS
At ages corresponding to the end of the diffuser-rearing period (152 Ϯ 12 days), the normal monkeys exhibited similar amounts of moderate hyperopia along the pupillary axes in both eyes ( Fig. 1A , right eye average ϭ ϩ2.20 Ϯ 0.94 D; left eye average ϭ ϩ2.33 Ϯ 0.93 D); the average absolute degree of central anisometropia (right eye Ϫ left eye) was 0.22 Ϯ 0.19 D. As previously reported, 36 the peripheral refractive errors were generally less hyperopic than the central refraction, particularly in the nasal visual field, and the patterns of peripheral refractions in the two eyes were very similar (F ϭ 0.21, P ϭ 0.82).
Foveal ablation did not produce systematic alterations in either the central or peripheral refractive errors of the treated eyes. The average respective central refractive errors were ϩ2.26 Ϯ 0.27 D and ϩ2.41 Ϯ 0.54 D for the treated and fellow eyes of the FA monkeys, which were not significantly different from the central refractions for the normal monkeys (treated eyes: T ϭ Ϫ0.22, P ϭ 0.83; fellow eyes: T ϭ Ϫ0.59, P ϭ 0.57). Moreover, there were no statistically significant differences in the patterns of peripheral refractions between the treated eyes of the FA monkeys and those for the eyes of normal monkeys (F ϭ 1.48, P ϭ 0.25). There were significant eccentricitydependent differences in the patterns of peripheral refractions between the treated and fellow control eyes of the FA monkeys (F ϭ 4.76, P ϭ 0.02), which post hoc tests revealed were due primarily to the fact that the treated eyes were significantly more hyperopic than their fellow eyes at the 45°nasal field eccentricity (P ϭ 0.001). However, the central and peripheral refractions for all treated eyes and the degree of anisometropia at every eccentricity for each FA monkey were within the range of values for the normal monkeys (see Fig. 2 ).
The patterns of peripheral refractive errors, represented in three formats, are shown for each monkey in Figure 2 along the horizontal meridian at the end of the treatment period are shown in the top row of plots; the relative peripheral refractive errors for the right and/or treated eyes (peripheral Ϫ central refractions) and the interocular differences in refractive errors (treated eye Ϫ fellow eye) are illustrated in the middle and bottom rows, respectively. As reflected by the average refractions shown in Figure 1 , the peripheral refractive errors in the treated eyes of the FA monkeys were similar to those in normal monkeys (relative ametropia: F ϭ 1.48, P ϭ 0.25; anisometropia: F ϭ 1.82, P ϭ 0.17); for each presentation format, the data for all FA monkeys fell within the range of values for the normal monkeys. In many respects, the results for the two groups of formdeprived monkeys were qualitatively similar. Form deprivation disrupted refractive development producing a wide range of central refractive errors in the FD (central range ϭ ϩ5.81 to Ϫ5.88 D) and FAϩFD monkeys (central range ϭ ϩ6.06 to Ϫ4.88 D). For nine of the 10 FD monkeys and six of the eight FAϩFD monkeys, the central refractive errors of the treated eyes were less hyperopic/more myopic than their fellow eyes ( Fig. 2 bottom row) . The average degree of central form deprivation myopia in the FAϩFD monkeys (Ϫ1.76 Ϯ 2.75 D) was smaller than that for the FD monkeys (Ϫ4.08 Ϯ 3.94 D), probably reflecting the loss of the normal contribution of the central retina to the form deprivation response. However, these differences were not significant (T ϭ 1.47, P ϭ 0.16). In addition, the patterns of peripheral refractive errors for the FD and FAϩFD monkeys were qualitatively similar (treated eyes: F ϭ 0.31, P ϭ 0.74; anisometropia: F ϭ 0.61, P ϭ 0.59). However, in this respect it is important to note that due to the high degree of intersubject variability in the FD and FAϩFD groups, our ability to detect small eccentricity-dependent difference in refractive error was limited. On the other hand, the patterns of peripheral refractions in the treated eyes of both groups of form-deprived monkeys were very different from those found in the normal monkeys (FD monkeys: F ϭ 8.46, P ϭ 0.0009; FAϩFD monkeys: F ϭ 9.38, P ϭ 0.0007). For example, for the animals that developed form-deprivation myopia, the greatest myopic alterations were typically observed in the central and near nasal visual fields and the degree of myopia decreased with eccentricity ( Fig. 2 top and bottom  row) . As a result, the treated eyes showed relative peripheral hyperopia, particularly in the temporal visual field (Fig. 2 middle row) , and the interocular differences in refractive error decreased with eccentricity in both the nasal and temporal visual fields (bottom row).
In Figure 3 , the relative peripheral refractions for the treated (or right) eyes are plotted as a function of the central ametropia for individual animals. The solid and dashed lines represent the orthogonal regression lines at different eccentricities (panels A-F) for the FD and FAϩFD monkeys, respectively. For all eccentricities except the 15°nasal visual field (panel D), the relative peripheral refractions were negatively correlated with the central refractive errors. Specifically, the degree of relative peripheral hyperopia increased with the degree of central myopia. For all eccentricities except the 45°n asal visual field eccentricity (panel F), the slopes of the orthogonal regression lines for the FD and FAϩFD monkeys were similar. In particular, the slopes of the functions for the FAϩFD monkeys fell within the 95% confidence limits for the regression lines for the FD monkeys and vice versa. Although the orthogonal regression line slope for the 45°nasal field location for the FAϩFD monkeys was outside the confidence limits for the FD monkey's function, the slopes of the linear regression lines calculated for these two subject groups were not statistically different (P ϭ 0.09). A key point illustrated in Figure 3 is that the influence of the central ametropia, as reflected in the slopes of the orthogonal regression lines, increased systematically with eccentricity. For example, at 15°in the temporal field, every Ϫ1.00 D of central ametropia was associated with less than ϩ0.25 D (ϩ0.08 D for FD, and ϩ0.18 D for FAϩFD monkeys) of relative peripheral hyperopia, and the amount of relative peripheral hyperopia increased to about ϩ0.50 D (ϩ0.47 D for FD, and ϩ0.46 D for FAϩFD monkeys) for every diopter of relative central myopia at the 45°temporal eccentricity. In the nasal field, the amount of relative peripheral hyperopia associated with every Ϫ1.00 D of central myopia was essentially zero at the 15°eccentricity and increased to ϩ0.28 D (FD) and ϩ0.14 D (FAϩFD) at the 30°eccentricity, and ϩ0.38 D (FD) and ϩ0.74 D (FAϩFD) at the 45°nasal eccentricity.
The analysis in Figure 3 indicates that when the treated eyes of FD and FAϩFD monkeys have similar central refractions, the peripheral refractions should also be similar. To illustrate this point, Figure 4 shows the average refractive errors plotted as a function of eccentricity for the fellow (A) and deprived eyes (B) of a subset of FD and FAϩFD monkeys that had comparable amounts of form deprivation myopia. In particular, Figure 4 summarizes data for the eight FD monkeys and the five FAϩFD monkeys that exhibited greater than Ϫ0.50 D of central myopic anisometropia (treated eye Ϫ fellow eye). The average central ametropias for the treated eyes of these FD and FAϩFD monkeys were Ϫ2.02 Ϯ 4.40 D and Ϫ1.75 Ϯ 2.97 D, respectively (T ϭ Ϫ0.13; P ϭ 0.90). For both subgroups of monkeys, the average central and peripheral refractive errors of the fellow eyes (Fig. 4A) were within the normal ranges at all eccentricities. The central refractions of the fellow eyes of the FD monkeys were more hyperopic than the fellows eyes of the FAϩFD monkeys (ϩ3.38 Ϯ 1.93 vs. ϩ1.55 Ϯ 0.90 D; T ϭ 2.32, P ϭ 0.043) [Note that there were no differences in the mean central refractions when all the fellow eyes were included in the analysis (ϩ3.24 Ϯ 1.78 vs. ϩ2.14 Ϯ 1.28; T ϭ 1.55, P ϭ 0.14)]. However, there were no between group differences in the pattern of peripheral refractions for the fellow eyes (F ϭ 0.33, P ϭ 0.71), and the functions for both subgroups of form-deprived monkeys were not significantly different from the normal monkeys (FD monkeys: F ϭ 3.14, P ϭ 0.06; FAϩFD monkeys: F ϭ 2.80, P ϭ 0.09). In contrast, the refractive errors for the central visual fields of the treated eyes were outside of the normal range for both the FD and FAϩFD monkeys (Fig.  4B) , and the degree of myopia significantly decreased with eccentricity in both the nasal and temporal fields (FD monkeys: F ϭ 14.06, P ϭ 0.0001; FAϩFD monkeys: F ϭ 11.58, P ϭ 0.0001). For both groups of monkeys, there were significant eccentricity-dependent differences in refractive error between their fellow and treated eyes (FD monkeys: F ϭ 10.48, P ϭ 0.001; FAϩFD monkeys: F ϭ 6.09, P ϭ 0.03). However, the patterns of peripheral refractions of the treated eyes were not significantly different between the FD and FAϩFD monkeys (F ϭ 0.73, P ϭ 0.51).
Comparisons between the treated and fellow eyes for the subset of FD and FAϩFD monkeys that exhibited greater than Ϫ0.50 D of central myopic anisometropia revealed that there were no significant interocular differences in anterior chamber depth or lens thickness for any group of monkeys (T values ranged from Ϫ1.47 to 1.42; P values ranged from 0.186 to 0.711). However, the interocular differences in central refractive error observed in both groups of form-deprived monkeys were associated with interocular differences in vitreous chamber depth. Specifically, the average vitreous chamber depths for the treated eyes of the FD (10.88 Ϯ 1.03 mm vs. 9.94 Ϯ 0.69 mm; T ϭ 4.06, P ϭ 0.005) and FAϩFD monkeys (10.49 Ϯ 0.72 mm vs. 9.73 Ϯ 0.26 mm; T ϭ 2.93, P ϭ 0.04) were significantly longer than those for their fellow eyes. The average interocular differences in central vitreous chamber depth (treated eye Ϫ fellow eye) for the FD (0.94 Ϯ 0.66) and FAϩFD monkeys (0.76 Ϯ 0.58 mm) were similar (T ϭ 0.53, P ϭ 0.61) and significantly larger than those exhibited by normal monkeys (FD monkeys: 0.03 Ϯ 0.10 mm; T ϭ 3.91, P ϭ 0.006; FAϩFD monkeys: T ϭ 2.80, P ϭ 0.049). On the other hand, in the FA monkeys, foveal ablation by itself did not produce significant interocular differences in central vitreous chamber depth (treated eye ϭ 10.19 Ϯ 0.22 mm, fellow eye ϭ 10.16 Ϯ 0.13 mm, T ϭ 0.47, P ϭ 0.67).
The pattern of peripheral refractions is influenced by the shape of the posterior globe and eccentricity dependent changes in optical power. We have previously reported that the changes in the pattern of peripheral refractions in formdeprived monkeys were closely associated with alterations in the shape of the posterior globe measured via magnetic resonance imaging. 22 Although we did not obtain imaging data from the FAϩFD monkeys, the alterations in the peripheral refractions of these animals cannot be attributed to alterations in the cornea. The corneal topographies of the treated and fellow eyes of the FAϩFD monkeys were similar (average corneal power: OD ϭ 55.09 Ϯ 1.52, OS ϭ 54.77 Ϯ 1.62; T ϭ 1.20, P ϭ 0.30); in particular, the rates of peripheral corneal flattening were not significantly different between the treated and fellow eyes (average Q-values: OD ϭ 0.024 Ϯ 0.197, OS ϭ Ϫ0.179 Ϯ 0.464; T ϭ 0.72, P ϭ 0.51). In addition, the changes in radial astigmatism as a function of eccentricity were comparable in the treated and fellow eyes of the FAϩFD monkeys (F ϭ 2.27, P ϭ 0.14) and there were no statistically significant differences between the FD and FAϩFD monkeys in the amounts of astigmatism as a function of eccentricity (F ϭ 0.61, P ϭ 0.62).
DISCUSSION
Many vision-dependent aspects of central refractive development are not dependent on visual signals from the fovea. 14 -16,41,42 In particular, visual signals from the fovea are not essential for emmetropization, central axial myopia produced by form deprivation, or the compensating axial growth produced by experimentally imposed refractive errors. 14 -16 Likewise, the results of this study indicate that visual signals from the fovea do not play a critical role in peripheral refractive error development. Specifically, the similarities in the pattern of peripheral refractions between normal monkeys and the FA monkeys indicate that emmetropization in the periphery is not dependent on central vision. Moreover, the similarities in the patterns of peripheral refractions between the FD and FAϩFD monkeys indicate that visual signals from the fovea are not essential for the development of the relative peripheral hyperopia found in animals with central axial myopia. The results from both groups of monkeys with foveal ablations also support the idea that peripheral vision can dominate ocular growth and refractive development and, in particular, extend previous observations on the impact of peripheral vision on axial length and central refraction to eye shape and the pattern of peripheral refractive errors. While there are nonvisual processes that influence the overall size and shape of the globe, it is likely that the local acting, vision-dependent mechanisms that regulate refractive development 10,19 -21 were responsible for the close interocular correspondence between the patterns of peripheral refractive errors in the two eyes of the normal and FA monkeys. First, the operating properties of the local acting mechanisms that regulate ocular shape would be expected to be the same in the two eyes of a given animal (e.g., the mechanisms in the two eyes would have similar gains or sensitivities to visual signals). In addition, the nature of the peripheral visual signals would be expected to be very similar in the two eyes. Foveal ablation does not appear to alter the cornea or crystalline lens. In this respect, our keratometric measures confirmed that there were no systematic interocular differences in central corneal power or shape and, while we did not assess crystalline lens curvature, there were no interocular differences in lens thickness or anterior chamber depth in the FA monkeys. In other words, the optical properties of the two eyes were not obviously different. Finally, the overall effective focus of the two eyes across the visual field should have been similar because fixation and accommodation, which are strongly yoked in primates, 43, 44 were controlled by the fellow non-treated eyes in the FA monkeys. In essence, the interocular agreement in peripheral refraction in the normal and FA monkeys came about because the two eyes experienced very similar visual images across most of the retina.
In monkeys with central axial myopia produced by either form deprivation or hyperopic defocus, the accompanying alterations in the pattern of peripheral refractions are strongly correlated with changes in the shape of the posterior globe. 16,20 -22 Specifically, the relative peripheral hyperopia associated with central axial myopia produced by form deprivation primarily reflects the fact that the vitreous chamber becomes less oblate/more prolate in shape during vision-induced central axial elongation. 16,20 -22 Given the quantitative and qualitative similarities in the peripheral refractions of the myopic eyes in the FD and FAϩFD monkeys, it is likely that the alterations in peripheral refractive errors in the FAϩFD monkeys are also due to prolate changes in the posterior globe. In this respect, the results indicate that central retinal signals do not contribute in an essential way to the alterations in eye shape that occur during the development of vision-induced axial myopia. On the other hand, visual signals from the peripheral retina, in isolation, are capable of altering the overall shape of the eye and the pattern of peripheral refraction. The fact that foveal ablation did not alter the pattern of peripheral refractions associated with form-deprivation myopia suggests that several factors are unlikely to contribute significantly to the eccentricity-dependent differences in axial elongation associated with central myopia. For example, it is unlikely that the observed changes in shape came about because the central retina was affected more by the diffuser lenses than the peripheral retina. In other words, the changes in shape do not simply reflect an eccentricity-dependent decrease in the strength of the visual signal for growth, or conversely an eccentricity-dependent increase in the strength of visual signals to slow growth. It is also unlikely that the observed shape changes simply reflect eccentricity dependent differences in the density of some critical population of retinal neurons.
Although there is still much to learn about the factors that influence the changes in eye shape and the pattern of peripheral refractions that occur during the development of central myopia, the results of this study serve as another example of the potential significance of peripheral vision in the regulation of eye growth and refractive development. Previous studies have shown that peripheral vision can directly alter central axial elongation rates resulting in anomalous central ametropia. This study shows that peripheral vision can, via its influence on peripheral refraction and presumable eye shape, put the eye at risk for the development of central ametropias. In this respect, the results emphasize the importance of taking into account peripheral vision when assessing the effects of vision on refraction. These results also highlight the need to investigate whether potential peripheral optical treatment strategies for controlling myopia progression produce unwanted alterations in the pattern of peripheral refractive errors.
